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CERANfflCMATEWALFOB^ffiDTHEREPROM 
5 TECHNICAL HELD 

1 «; <iT ATE OF THE ART AND PROBLEM 

in particular ce«e«M.«.edsyrte«8tb^ 
;r«mp mat consist, of atanrinate^ silioatw. phosphates. c«honates. sulphates and 
combinationsma^of, havhig caldum asthe major cat-ion. The invention has be^ 
20 e8pe6iallydeveIopedforbiom8terialsfordentalandoithopaediaappU^Uons,b^^ 

fiLanLementsa3^Uasimplantsincludingcoati«8sandcarrie«ft«dn.gd^^^ 
but can also be used as fitters in industrial applications in electtonios. nuoro-mechaalcs 
etc or in the construction fidd. 

25 For«ialerlals,8UchasdentalfiUingmaterialsandimplants,thataretoirt^ 
munanbody.itisanadvantagethatthematerialsaremadeasbloactlveor 
biocompatible as possible. Other properties tiiat are required for dental filling matadtOs 
and implants are a good handling ablUty with simple appUcabUity in e cav,^. moulding 
I thatparmUsgoodshapingability,hatdening/sofidific8tionthatissuffld«^^^^ 
'!■ 30 fiUingwoikvyithoutdeirimentalheatgenerationaadprovideaservioeabihtydk^ 

follo^thenvy.hlghh«dne8sand8trenBth,com,sionreslstance.^odbondu« 
between filling material and biological v^ll. dimensional stability, radio-opacity. good 
long time properties and good aesthetics especially regarding dental filUng n^enals. 
Forthepurposeofprovidingamaterialthatfiilfilsatleastmostofthiaereq^d 

35 properties, a material has been developed accordingto what b presented m SB 463,493. 
^502.987. WO 00/21489, WO 01/76534. WO 01/76535. PCT/SE02/01480 and 

PCT/SE02/01481 e.g. 
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BIOEP ACCOUNT OF THE INVENTION 

The present invention gpecificaWy relates to the complex of problems of initial viscosity, 
dispersing state, setting time, modellablUty. as weU as high strength, viscoelasticity and 
S other mechanical properties, dimenalonal stability (avoiding shrinking or excessive 
e^qpansion) «nd aesthetics, especially regarding dental fllling nrnterials^ i.e. the problem 
of b^g able to optimise a complex property profile in a product and at the same time to 
optimise the property profile of a CBC system during prooesslog of the same to form 
the product. 

10 

Axjcordingly, the present invention aims at providiog a system for CBC materials, 
preferably biomaterials, having improved controllability concerning its initial viscosity 
and consistency upon mbdng of the powdered material and the hydration liquid of tiie 
system and at the same time haWng improved mechanical properties such as high 
IS compressive and bending strengtii and a sufiBciently lughE-modttlus» a oei^n 
viscoelasticity and appropriate harAiesfid in the tiydrated CBC product 

Furthermore^ the present invention aims at providing such a material having a complex 
property profile and thereby to provide a powdered material that consists of a cement 
20 based system that has the capacity following saturation witii a liquid reacting with the 
powdered material to hydrate and chemically rract to a diemically bonded material, 
which material exlubits both a high degree of compaction, good modellabiltty and 
minimal dimensional changes upon hardening. Yet another object of the invention is to 
provide such a material that also exhibits high radio-opacity and high transhicency. 



25 



These and otiier objectives are attained by the system^ the powdered material, tiie 
hydration liquid and the ceramic material according to the invention, as defined in the 

olaimis. 



30 According to the invention, two or more binding phases are activated in the over-all 
setting/hardening process to optimise initial properties mainly related to rheology as 
well as end product properties mainly related to mechanical properties. 

According to one aspect of tiie faivention, tiie powdered material and/or the hydration 
35 liquid comprises an additive of polyacryUc acid and/or a salt thereof or other 

polycarboxylic acids, co-polymers therro^ or polycariyoi^lates (i.e. a sah or ester of a 
polycarboxylic add). 
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By the inventive addition of apolyoarboxylio acid or a copolymer or a sah or an ester 
thereof in the powdered material and/or in the hydration liquid, the following reactions 
take place during dissolving, hydration and polymerisation, here exemplified by a 
reaction between poly(acryUc-co-maleic acid) and calcium aluminate. R can be any 
group one ion (i.e. hT, Li^ Na^ K^, Rb^ preferably H^, Na* and ) or M!** and M 
could be a metal ion (e.g. Al*", Ca'*, Si**). 



10 



I ^ 

r#<' u» 



The ftmction of the poly acryUo acid or a salt thereof can be divided into (aross'linldng 
and dispersing ability. As is understood, in the case with the cross-ttnldng poly add, the 
powdered oalchim aiunrinate material is first dissolved la the liquid, where after Cap and 

Al-ions cross-links the polyaoylio add to fiwrm a polyanylate polymer, and other Ca- 
15 and Al-bns hydrate to form hydrated calchim aluminate material in a second step. The 
resulting, hydrated material is a convosite of CBC material and a oross-linl^ 
polyacn^ate polymer. 

The organic hydrophilic system is not restricted to PAA-systems, but may also be based 
20 on other polycarboxylio adds. e.g. poly(malelc add), poly(itacomo add) or 

tricaiballylio ad^) or carisoj^Iates such as phoqphate esters. Also, polymers such as 
PAA/PEG can be used. 



23 



As is understood, for the fonction of the dispersing poly acid (e.g. Na-PAMA), the 
powd^d calcium aluminate material is first dissolved in «ie liquid, vdiere a^ Car and 
Al-ions form a hydrated caldum ahmiinate material and in a second stqi some crow- 
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limdng occur with the dbpewed poly add. Tho WBalting. hydnvted material is a 
compoBtte of CBC materW and aposslble oross-Untedpolyacfylate polymer. 

Tim two or more Wnding phases may work at separate time or work ove^lapped in the 
5 over-all hardening process flidlitating the combination of eaily improved mouidabUity 
ydth high performance end features mainly related to meehanical properties. 



DETAILED DESCRIPTION OF THE INVENTION 

The main binder phase of the powdered material consists of a calcium based, basic 
10 ceramic powder in the group that consists of aluminates, silicates, phosphates, sulphates 
and combinations thereof, preferably alundnates. Preferably, the powdered material has 
a particle size of O.l to 20 jim and more preferred 1 to 10 urn. 

The active adds can be introduced either as dried substance together with the inorganic 
15 cement or as liquid in the hydration liquid or as a combination of both dry an active acid 
raw material and a liquid solution of the active acid. For the PAA based systems the 
introducrion in the dry state is preamble. 

Suitably, said polycarboxylic has a molecular weight of 100 - 100,00(^ preferably 1000 
20 - 50,000 and it is present 'm an amount of up to 20 ^ preferably I-IO % and most 
preferred 1-3 % by weight, calculated ontiie powdered material including any dry 
additives. 

According to one aspect of the invention, a liquid to powder ratio is 0.1 to 0.7 when 
25 mbdng the powdered nraterial with the hydration liquid. The solution should have a pH 
of 1 - 7, preferably 3 - 7 to avdd <fissolvlng of Al'* ions. The pH hioreases when the 
pdlycaibn^tic system meets the CA-system, resulting in e basic overxaU system at pH 
> 7. Aftw final hydration the pH approaches neutrality. One problem with pure Glass 
lonomer systems is the corrosion resistance sensitivity. The basic CAH system 
30 neutralises the initial addity in the polyaraylio systems. 



Said polyacrylic add or salt thereof is an add in the group that consists of PAA, MeQ)- 
PAi^ P AMA and Me(I>¥ AMA, where 
PAA B poly acrylic add 
35 PAMA poly(acrylic-co-maleic acid) 

Me(Q-PAMA = poly(acryUc-co-maleic add) MB(I)-salt 
MeCI)-PAA s poly aoylio add MeCO-sdt 
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Me(I) » alkali metal ion, e.g. Na» K or Li 

In one embodiment of the invention, at least a part or most prefiored all of the reactive 
groups in the polycaibwylic based materiftl bond to the C5BC system. 

In another embodiment of the im^ention, essentially all reactive groups in md 
polyoarboxyUo are neutroUsed. The aeutraUsation may be effected e.g. by adding a salt 
to the reactive groups of Uie polyoarboxyUo add or copolymer. In this embodiment, the 
polycarbojtylic aoid acts mainly as a dispersing agent, whereby the initial vlscosily of 
10 the system, directly upon mixing of the powdered material and the hydration liquid, 
may b© controlled to provide a system that is less vmtous than a ooiresponding system 
without neutralised polycarboxyllc add, wWle at the same time the medianieal 
properties of tiie hydrated CBC product are maint^ed or improved. 

15 By the present Invention, h is possible to reach a viscosity of below 100,000 oenfipoise, 
preferably below 10,000 centipoise, directly upon mixing of Ae powdered material and 
the hydration liquid, while maintaining a low water content. Hereby, the amount of 
hydration liquid (water) can be kept benefidally low, while at the same time a viscous 
b!«id can be addeved. 

20 

The system tnay comprise one or more expansion compensating additives adapted to 
^ve the cerando material dimensionally stable long-term attributes, as is described in 
WO 00/21489. Other additives and aspects of the system may follow tiiat which is 
described in SB 463,493, SB 502.987, WO 00/21489, WO 01/76534, WO 01/76535, 

25 PCT/SE02/01480 and PCT/SE02/01481, the contents of which are incorporated herein 
by reference. For example, it is prefbrred at least for dental fllliiig materials that the 
system c(miprises additives and/or is based on raw mato^ls that contribute to trans- 
luoency of the liydrated material. Also, it is preferred that the system comprises inert 
dental glass, as an additive in the powdered material, preferably at a content of 5-40 

30 weight-% more preferred 15-35 %. The particle size is critical in establishing high 
homogeneity. It is preferred that tiie particle size is 0.1-5 ^m, more preferable 0.2 - 2 
lAm, and most preferable 0.3-0.7 ^m. The dental glass may contain tow amounts of less 
stable glass or reactive ^kuw» preferable betow 10 % of the itlasB content. Tluse glasses 
can preferably contain fluorine and phosphor to yield fluoride ions, whidi contribute to 

35 F-s|>atite formation. 
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By ufling gtanules the Wc ratio (water/cement ratio) canbe lower than for the loose 
powder. The flow-ablUty of the material is hlgjier when it is granulated. The granoleB 
should preferably be of a size below 1 nun, more preferred below 0.5 mm and most 
preferred below 0.4 mm. The compaction density of the granule, the granule density 
S should be above 35%, prefiwably above 50 % most prefisrred above 60%. 

By vshig such highly compacted small granules, the shaping of the material can take 
place in a subsequent step, without any remdning woricability limitations of hi^y 
compacted bodies. A feollitated diaping in such a subsequent step, such as kneading, 
10 wrtrusion, tablet throwing, ultrasound etc., can be made while retahiing a mobility in the 
system that has a high final degree of compaction, exceeding 35 %, prefisrably 
exceeding SO %, even more pr^^rred exceeding 60 %. 

The piindple is based on the ftct that a small granule - after granulation of a pre- 
15 pressed, highly eonqiacted body - contains several tenths of millions of contact points 
between particles in the same, wWoh particles are in tiie micrometer magmtude. When 
these small granules are pressed together to form new bodies, new contact points arise, 
viMch new contaa points are not of the same high degree of cmnpaedon. The lower 
d^ree of compaction in these new contact points results in an nnproved workability, 
20 while tiie total degree of eonqpactimi is only nur^nally towered by the lower degree of 
compaction fat the new contact points. This is due to the new contact points only 
constituting a very slight proportion of the total amount of contact points. Even if for 
example a thousand new contact points are formed, tiiese contact surfices will be loss 
than per mille of the total contact surfaces, i,e. they have a very slight influmce on the 
25 end density, ^ch will be determined by the higher degree of compaction of the 
granules according to tiie present inventicm. Moreover, the contact zcmes between 
individual, pa^d granules yAVL hardly be distingiushable fivm the other contact points, 
as tile general hardening mechanism for systems according to the invention comprises 
dissolution of solid material by reaction with water, which leads to the formation of 
30 ions, a saturated sohition and hydrate precipitation 

In a system in wMoh tite cement hydrates due to an added liqidd, the new contact points 
\dll furthermore be filled by hardened phases, which means that the homogenehy 
increases after the hydration/hardening. By the final degree of compaction beUig 
35 inoeased in that way, a more dense end product will be obtained, which leads to an 
mcreaaed strength, a posnbility to lower the amount of radio-opaque agents and an 
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easier achieved ttamlucency, atihe samelime asHw workaMUty of the product is veiy 



According to one aspect of this embodiment, the granules preferably exhibit a degree of 
5 compaction above 60 %, even more preferred above 65 % and most preferred above 70 
%. Preferably, the panules have a mean size of at least 30 jim, preferably at least SO |im 
and even more preferred at least 70 Mm, but 250 ym at the most, preferably 200 pm at 
the most and even more preferred 150 jun at the most, whUe the powder particles in the 
granules have a majdmal particle size less than 20 urn, preferably less than 10 nra. It 
10 should hereby be noted that it is only a very slight proportion of the powder particles 
that constitute particles having the maximal paitide size. The particle size is measured 
by laser diffraction. The highly compacted granules are numufectured 1^ the powdored 
matnial bcnng compacted to the qiecifittl degree of conqwction, by cold isostatic 
pressing, tablet pressing of tMn layers, hydro-pulse tedmique or explosion compacting 
15 e.g., where after the material compacted accordingly is granulated, for example crushed 
or torn to granules of the specified dze. 

The ^stem and material according to the invention have the adrantages eonqMred to 
systems/materials such aa glass wnomo- cements or monomer based filling materials, 

20 that it is bloaetiv^ that it has in^roved strength and tiiat it has long time stability 
regarding both dimensional aspects, minimised deterioration and high strength 
compared to Glass lonomer systems. The material is unique in that it solidifies in at 
least two steps, i.e. by cross-Unking of the polyearbo^^Uo or salt thereof and by 
hydration. The viscosity of the materiel can be controlled witlun ^de frames, upon 

25 initial mixing of the powdered material and the hydration Bquid. from moist granules to 
an iiyectable slurry. 



EXAMPLE 1 

A series of tests were performed to investigate the influence of amount of poly acid and 
30 the composition of the chemical bonded c«ramie on the mechanical properties. Tlie 
vahies are compared to commercial glass ionomnr cement. 

PcsBriptlon of rwy mt^tw^tfB 

Calcium ahmiinate ((CaOMAljQj), (CaO)(AU03), (CaO)M(AlaOj)7)), dental glass filler 
35 (Schott), pdy acid ^AA = poly aciylic acid Mw=2,000, PAMA = poly(aoryUc-oo- 
maleic acid) Mw>^,000, Na-PAMA » poly(aarylic<o-maleic acid) sodhun salt 
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Mw=50.000, Nb^PAA » poly acrylic acid sodium salt Mw=5.100). Glass ioaomer 
cement, I^jl n (GC-corp). 



pa,« ^cription of tests 
5 Test a) tow) investigated: 

a) Haidness and conprasslve yield strength of glaas ionomer cement, 
refibrence. 

b) Haniness and compressive yield strenfith of (CaOKAlaOj) mixed with 35 vol.% 

dental glass and 1 wt.%PAA. 
10 c) Hardness and compressive yield strength of(CaOXAla03) mixed with 3SvoL% 

dental glass and 7 wt.% PAA 

d) Haidness and compressive yield BtrenglhofCCaOXAliOs) mixed wiA 35 vol.% 

dental glass and 14 wt.% PAA 

e) Haidness and compressive yield strength of (CaOXAIgOs) mixed with 35 vol.V« 
IS doital ^ass and 1 wt% PAMA 

f) Hardness and compressive yield strength of (CaO)(AbQ3) mixed with 35 vol.% 
dental glass and 7 wt.% PAMA 

g) Hardness end eonpresrive ^eld strength of (CaOKAlaOs) mixed with 35 vol.% 

dental glass and 14 wL% PAMA 
20 h) Ibidness and comfffcssive yield sbwngdi ofCCaOXAhOs) nuxed with 35 voL% 

dental glass and 1 wt.% Na-PAMA 
1) Hardness and compressive yield strength of (CaOXAlzO?) mixed with 35 vol.% 

dental glass and 7 wt.% Na-PAMA 
j) I^dness and compressive yield strangth of (CaOXAtiOa) ndxed with 35 vd1.% 
25 dental glass and 14 wt.% NarPAMA 

k) Hardness and comprasilve yield strength of (CaOXAIaOs) mixed with 35 vol.% 

dental glass and 1 wt%Na-PAA 
1) Hardness and compressive yield strengft of (CaOXAUOs) mixed with 35 vol.% 

demal glass and 7 wt.% Na-PAA 
30 m) Hardness and compressive jdeld strength of (CaOXAl^) nuxed with 35 vol% 

dental glass and 14 wt.% Na»PAA 
n) Hardness and con^ressive yield strength aF(CaO)n(Als03)7 ndxed with 35 

voL% dental glass and 7 wt% PAA 
o) Hardness and compressive yield strength of(CaO)i2(Ala09)7ndxed with 35 

35 vol.% dental glass and 7 wt.% PAMA 

p) Hardness and compressive yield strengtii of (CaO)u(A]a03)7 mixed with 35 
voL% dental i^s and 7 wt% Na-PAMA 
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cD Hardnws and compressive yield strength of (CaO)w^^ 

vol.% dental glass and 7 wt% NarPAA 
T) Hardness and compressive yield strength of (CaOKAI^Os) mixed ^th 35 vol./o 
dental glass and 7 wt.% PAA 
5 9) Hardness and compressive yield strei«th of (CaOWAlaOa) mixed with 35 vol.% 
dental glass and 7 PAMA 
t) Hardness and compressive yield strength of (CaOMAlaOs) mixed with 35 vol.% 

dental glass and 7 wt.% Na-P AMA 
u) Hardness and compressive yield strength of (CaOMAlaOs) mixed with 35 vol.% 
10 dental glass and 7 wt.% Na-P AA 

v) Hardness and compressive yield strength of (CaOXAUOs) (mean grain Mze 5 

^m) mixed wth 35 voL% dental glass and 1 wt%NarPAMA 
w) Hardness and compressive yield strength of (CaOXAUOs) (mean grain size 10 
^m) mixed with 35 vol.% dental glass and 1 wt% Na-PAMA 

15 

The calcium aluminate phases were synthesised via a sintering process where first CaO 
and AlaOa was mixed to the desired composition and then sintered at elevated 
temperature for 6 hours. The formed caldium aluminate lumps were caushed and jet- 
milled to the desired grain size distnbutlon. The dental glasa, calcium alummate and 
20 poly acid was mixed with acetone and Si3N4 marbles for 14 hours to obtun &e desired 
homogeneity. The samples in test b-w) where blended to a wiater to cement ratio of 0.4 
in 5 ml jars imd rotated at 500 rpm for 30 seconds. San^Ies for hardness and 
compressive yield strength (sample si« according to ISO*9917) were made from the 
formed paste. Glass ionomer samples were made according to the mamiftctures 

25 instructions. All samples were stored in phosphate buffer solution for 7 days before 

measuring. Before measuring aU samples were polished with down to 0.25 |im diamond 
paste on cloths. The compressive yield strength was measured on a Zwick Roell ZOOS 
universal mechanical test rig. For each composition 20 samples were tested and the 
mean value reported in table 1.1. The hardness was measured as Vickers hardness using 

30 200 grams load on the same number of samples as in the compressive yield strength 
test. 
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The results showed that by mixing poly aoid with calcium aluminate and dental glass a 
higher hardness and compressive yield strength compared to glass ionomer cements 
could be achieved. More poly aoid and larger grain size debases the Irardness and the 
compressive strength. Poly acids with sodium salt give better mechanical properties 
than the pure poly amds. 
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BXAMPLE2 

Aseries oftests were peifonned to investigate the influence of amount and molecular 
weiglrt of poly acid, the ratio between water and cement and the composftion of the 
chemical bonded ceramic on handling properties. The values are compared to a 
5 commerdal calcium aluminate based dental material (DoxaDent, Doxa AB). 

mSffr'r*^'^" ttf raw mftteriiils 

Calohim alummate (CaOXAlaOaX dental glass filler (Sohotl), poly acid (PAA ■= poly 
acrylic acid (Mw = 2000, 13000. 45O0O) , PAMA = polyCacryUc-co-malelc acid) (Mw = 
10 3400, 25000, 37000), Na-PAMA. « poly(acrylic-co-maleic acid) so<Kum salt ^w = 
2100, 23000, 44000), Na-PAA » poly acrylic and sodium salt ^w=<2600, 17000, 
36000)). 

Daseription oftests 
15 Tea e0 to nO investigated: 

a) Mouldability of DoxaDent. 

b) Mouldability of (CaO)(Al203) mixed with 35 vol.% dentat glass and S wt.% 
PAA and a water to eeaitnk ratio of 0.2. 

c) Mouldability of {CtXWkOi) mixed with 35 vdI.% dental glass and 5 vit% 
20 PAA and a water to cement ratio of 0.3. 

d) Mouldability of (CaOXAIsOs) mixed with 3S vol.% dental glass and S wt.% 
PAA and a water to cement ratio of 0.4. 

e) Mouldability of (CaO)(Al203) mixed with 35 vol.% dental ^ass and S wt.% 
PAMA and a water to cement ratio of 0.2. 

25 0 Mouldability of (CaO)(Al20)) mixed with 35 vol.Vo dental glass and 5 wt.% 
PAMA and a water to cement ratio of 0.3. 

g) Moiddability of (CaOXAIbOs) mixed unth 35 vol.% dental glass and 5 wt.% 
PAMA and a ywtn: to cemoit ratio of 0.4. 

h) Mouldability of (CaO)(Al303) mixed with 35 vol.% dental glass and 5 wt.% 
30 Na*P AMA and a water to cement ratio of 0.2. 

i) Mouldability of (CaO)(Ala03) mixed with 35 vol.% dental glass and 5 wt% 
Na-PAMA and a water to cement ratio of 0.3. 

. . j) Mooldablitty of (CaO)(Al203) mixed with 35 vol.% dental glass and 5 wt% 
KarPAMA and a watM to cement ratio oS 0.4. 
35 k) Mouldability of (CaO)(Al203)rafa(edwith3S vol.% dental glass and 5 wt.% 
Na>PAA and a water to cement ratio of 0.2. . 



Nr. 9470 S- 13 



11 



29.0kt. 2003 14:26 



Mr. 9470 S- 14 



P1774 



Hynell Patenttjanst 
bik.t.l^nt-ochreg.veil(Bt 
2003 -10- 2 9 



1) Mouldability of (CaOXAljO,) mixed with 35 voL% dental glass and 5 




m) Mouldability of (CaOXAljOs) mixed with 35 vol.% dental glass and 5 wt.% 
Na-PAA and a water to cement rado of 0.4. 

5 

The calcium alumlnate phases were synAeslsed via a sintering process where first CaO 
and AJ»Oj was mfaced to the desired composiUon and then sintered at elevated 
temperature for 6 hours. The formed calcium aluminate lumps were crushed and jet^ 
milled to a mean grain size of 1 .5 pm and a maxfanum grain size of 9 nm. The dental 

10 glass, caldum aluminate and poly acid was mixed with acetone and SijN4 marbles for 
14 hours to obt^ the derired homogendty. The samples hi test b-w) whwe blended to 
the desired water to cement ratio in 5 ml jars and rotated at 500 ipm for 30 seconds. 
DoxaDMA sanqples were made according to the manu&ctures histructions. The 
mouldability was detemdned by pladng the mixed paste in a syringe and ejecting the 

15 paste via a 1 mm needle with hand force. The feaslbUlty of the mixtures to be qeoted 
are presented in table 2. 1 . 

Table 2.1 Mouldabititv of test a) to m) 



Test 


MouldaUUty 


A 


No 


B 


No 


C 


Yes 


D 


Yes 


E 


No 


F 


Yes 


G 


Yes 


H 


No 


I 


Yes 


J 


Yes 


K 


No 


L 


Yes 


M 


Yes 



20 



The results show that for a water to cement ratio above 0.2 the mbcttires are ejectable 
from a syringe. 
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EXAMPLB3 

A series of tests were peff6niMd to investigate the influence of poly acid on tlie acid 
erosion resistance.. The values are compared to a commercial glass ionomer cement 
(Ftiji n) and to a commercial calclxun aluminate based dental material pJoxaDent, Doxa 
AB). 

tteacrl ption o f raw materials 

Calcium aluminate (CaO)(AibOj), dental glass eUer (SchottX Na-PAMA» poly(aoiyUc- 
co-maldc acid) sodium salt 



10 



Description of tests 
Test a) to o) Investigated: 

a) theaddarosionofFuJin 

b) tiie add erosion of DmaDmt 

15 o) the add erosion of(Ca6XAli03) mixed wth 35 voL% dental glass and 5' wt.% 

Ka-PAMA and a water to cement ratio of 0,4. 

The calcium alumhiate phases were syntherised via a sintering {nrooess where first CaO 
and AlaOg was mixed to the desired composition and then sintered at devated 

20 temperature ftir 6 hours. The fijnnedcddumafaimi&Btehinqis were oushed and jet* 
milled to a mean grain dze of 3 nm and a maximum grain sia« of 9 \xxa. The dental 
glass, calcium aluminate and poly acid was mixed with acetone and Si3N4 marbles for 
14 hours to obtdn the desired homogeneity. The samples in test c) where blended to the 
desired wator to cement ratio in 5 ml jars and rotated at 500 ipm for 30 seconds. 

25 DoxaDoit and Rd^n samples were made aeoordhigto the numuftcturas instructions. 
The add erosion was measured according to ISO-^n. 

The results showed that the tests in b and c oehiblted an add erosion of below 0.01 
mm/h whereas the glass ionomer cement diowed a add ero^on of 0.1 mm/h. Thus the 
30 results show that ad<Ution of poly add to calcium aluminate does not reduce its acid 
resistance. 

The invention is not Umited to ft» embodiments described, but can be varied vnthin the 
scope of the ddms. 

35 
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A system for a chemically bonded ceramic material^ comprising an aqueous 
hydration liquid and a powdered material comprising a first binder phase, vMch 
powdered material has the capacity fblloimng saturation vnAk tiie liquid reacting 
with said first binder phase to hydrate to a chemically bonded ceramic material, 
characterised in tiiat the system also comprises a second, non-ceramic 
binder phase, which second binder phase has a different initiation time for 
setting and/or a dififcrent setting rate than the initiation time for hydration and 
the hydration rate, respectively, of said first binder phase, and in that the system 
provides for an ion interaction between the hydration reactions and setting 
reactions of the first bbder phase and the second bind^ phase, respectively. 

A system according to claim 1, characterised in that the chemically 
bonded ceramic material is a material in the group that consist of aluminates, 
silicates, phosphates, sulphates and combinations thereol^ preferably having 
cations in the group that consists of Ca, Sr and Ba, calcium aluminate cements 
being most prefenred, in which case the first binder phase preferably has a 
composition between ttie phases 3CaO»Al2Qs and CaOeaAfaOs, most prefisrably 
about 12CaO*7Al303, optionally in glass phase. 



3. A system according to claim 1 or 2, char acteri sed in tiiat said second 
binder phase comprises a polycari)Oxyllc add or a copolymer or a salt or an ester 
thereof 

25 

4. Asystemaocorcfingtoanyoneofclaimsl -3, characterised inthatithas 
a viscosity below 100,000 cP, preferably below 10,000 cP, directiy upon mixing 
of the powdered material and the hydration liquid, at a low water to cement ratio 
(W/C), preferably at W/C below 0.46, most preferred below 0.40. 

30 

5. A powdered material comprising a first binder phase essentially consisting of a 
cement system^ which powdered material has the capadty fiillowing saturation 
wxtii a hydration liquid reacting with said first binder phase to hydrate to a 
chemically bonded c^amicmat^al^ characterised in that said powdered 

35 material also comprises an additive of a second, non-ceramic binder phase, 

which second bmder phase has a different initiation time for setting and/or a 
different setting rate than the initiation time for hydration and the hydration rate. 
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respectively, of said first binder phase, and in that the hydration liquid together 
with the powdered material provides for an ion interaction between the 
hydration reactions and setting reacdons of the first binder phase and the second 
binder phase, respectively. 

6. Apowdwedmateri«laccordhigtoohdm5,oharaotBrised in that that the 
chemically bonded ceramic material is a material in the group that consists of 
aluminates, silicates, phosphates, sulphates and combinations thereof preferably 
having cations in the group that consists of Ca, Sr and Ba, calcium aluminate 

10 cements being most preferred, in which case the first binder phase preferably has 

a composition between the phases aCaO^AlsOj and CaOoZAhOs, most 
pieferably about 12CaO*7Al20», optionally In glass phase. 

7. Apowdeted material according to dum 5 or 6, characterised in that said 
IS second binder phase comprises a polycarboxylie acid or a ct^olymer or a sah or 

an ester thereof. 

8. ApowderedRU(terialaccordtegtodaim7,characteriBed in dutatleasta 
part or most pr^nred all the reactive groups of said polyoaiboxylic add or salt 

20 tiliereofbcmd to die chemically bonded ceramic material. 



9. A powdered material according to ai^ one of dtums 7 to 8, characterised 
i n that said polycarbojqrlic acid or copolymer or salt or ester thereof is a 
substance in die group tiiat consists of poly acrylic acid, poly(aayIic-^ma]eic 

25 acidO, polyCtaeonle add), tricarb^dtylic arid; copolymers, salts and estera 

therec^, and combinations thereof. 

10. Apowdered material according to any one of ddms 7 to 9, characterised 
i n that said polycarboxylic acid or copolymer or salt or estor thereof has a 

30 molecular weight of 100 - 100,000, preferably 1000 - 50,000 and diat it is 

present in an anunint of up to 20%, preiferably 1-10 % and most prdEtered 1-3 % 
by wdgh^ ^eulated on the powdered material indlnding any additives. 



11. Apowdered material according to any one of claims 5 to 10, characterised 
i n that it contains an inert phase additive, preferably inchiding dental glass and 
preferably at a content of 5-40 weight-% more preferred 15-35 %. 
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12. A powdered HiBterial according to dahn 11, characterised in that said 
inert phase additive has a particle size of 0.1-5 tun. more preferably 0.2 - 2 iim, 
and most inr^erably 0.3-0.7 mid. 

13. A powdered material according to claiin 11 or 12> characterised in that 
that said lnert phase comprises low amounts of less stable phases or leacdve 
phases including passes, pref^bly below 10 % of the inert phase content, 
which less stable phases or reactive phases preferably comprise fluoride and/or 
phosphor. 



10 



14. A powdered material according to any one of daims 5 to 13, char act eri s e d 
i n that it has the ferm of gnawles, preferably of a size below 1 mm, more 
preferred below 0.5 mm and most preferred below 0.4 mm and hawng a granule 
compaction density above 35 %, praferably above 50 % most preferred above 

15 60%. 

15. An aqueous hydration liquid for a powdered material comprisiQg a first binder 
phase essentially consistfaig of a cemsit qrstem, which powdered matniail has 
the eapadty fbttovidng saturadon ^h the hydration liquid reacting with said 

20 SxfA binder phase to hydrate to a diemically bonded ceranuc material, 

characterised in that said hydration liquid con^wises an additive of a 
second, non-cerandc binder phase, which second binder phase has a different 
initiation time for setting and/or a Afferent setting rate than the initiation time 

for hydration and the hydration rate^ respectively, of sdd first binder phase, and 
25 in that the hydration liquid togetiierwiditite powdered material pro^sfbr an 

ion interactioti betweui the hydration reactions and setthig leaetiofts of ihe first 
binder phase and the second binder phases respectively. 

16. An aqueous hydration liquid according to claim 15, character i s ed in that 
30 said second binder phase comprises a polycarboxylic acid or a copolymor or a 

salt or an ester tiiereof 



35 



17. Anaqueoushydrationliquidaccordingtodum 16,characteri8ed in that 
at least a part or most preferred all of the reactive groups of said polycarboxylic 
acid or salt thoeof bond to tiie dittnioall^ bonded ceranuc material. 
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18. An aqueous hydration liquid according to any one of claims 16 - 17, 
characterised in that said polycarboxylic acid orcopolymer or salt or ester 
thereof is a substance in the group that consists of poly acrylic acid, 
poly(acrylic-co-m8lelc add), poly(itaconic acid), tricarballylic acid; copolymers, 

S salts and esters thereof, and combinations thereof. 

19. An aqueous hydration liquid according to any one of clums 16 - 18, 
characterised I n that sdd polycaiboxylic acid or copolymer or salt or ester 
thereof has a molecular wMght of 100 - 100,000, preferably 1000 - 50,000. 

10 

20. An aqueous hydration liquid according to any one of claims IS - 19, 
characterised in thst it has a pH of 1-7, preferably > 3, befiwethe 
hydration and setting reactions. 

IS 21. A chemically bonded ceramic material, the binder phase of which essentially 
coniristlng of an inorgaiuo cement phase, which ceramic material is in situ 
formed on a substrateor in a cavity, characterised in that said material 
also comprises an in sto formed phase of polyao^late polymer or co-polymer. 



20 
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A system for a chemically bonded ceramic matwial, comprising an aqueous hydration 
liquid and a powdered material comprising a first binder phase, which powdered 

5 material has the capacity Mowing saturation wMi the Uquid reaotteg with said first 
binder phase to hydrate to a chamoally bonded ceramic material. The system also 
comprises a second, nonH»ramio binder phase, which second binder phase has a 
different initiation time for setting and/or a different setting rate than the initiation time 
for hydration and the hydration rate, respectively, of said first binder phase, and the 

10 system provides for an ion interaction between the hydration reaoUons and setting 
reactions of the first binder phase and the second btader phase, respectively. The 
invention also rdates to the powdered material and the hydration liquids respectively, as 
well as the formed oenunio material. 
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